H3N2 influenza A viruses have caused widespread outbreaks of respiratory disease and, in some cases, abortion among pigs throughout the major swine-producing regions of the United States since 1998. The most common genotype of H3N2 virus isolated to date is a triple reassortant containing hemagglutinin (HA), neuraminidase (NA), and PB1 polymerase genes of human influenza virus origin, matrix (M), nonstructural (NS), and nucleoprotein (NP) genes of classical swine influenza virus origin, and PA and PB2 polymerase genes of avian influenza virus origin (8, 15, 17) . The emergence of these viruses was remarkable because influenza among American pigs had historically been due almost exclusively to infection with classical H1N1 swine influenza viruses (3, 5, 11) . Subsequent to the appearance of these H3N2 viruses, an H1N2 virus (A/Swine/Indiana/9K035/99 [Sw/IN/99]) was isolated from a pig in Indiana during a 6-week-long outbreak of influenza-like illness and abortions on the farm of origin in November 1999. Phylogenetic analyses demonstrated that Sw/IN/99 had resulted from reassortment between a classical H1N1 swine influenza virus, which supplied its HA gene segment, and one of the triple-reassortant swine H3N2 viruses, which supplied all of the remaining RNA segments (7) .
The Sw/IN/99 virus was the first H1N2 influenza virus isolated from a pig in the United States. However, H1N2 viruses were isolated previously from pigs in France in 1987 and 1988 (4) , in Japan in 1978 to 1980 and 1989 to 1992 (6, 9, 10, 12, 13, 16) , and in the United Kingdom in 1994 and thereafter (1, 2) . The viruses from Japan and France were shown to be products of reassortment between classical (Japan) or avian-like (France) swine H1N1 viruses and human-lineage H3N2 viruses (4, 6, 9, 10, 12, 13, 16) . In contrast, the H1N2 viruses in the United Kingdom resulted from multiple reassortment events. Reassortment between human H1N1 and H3N2 viruses is hypothesized to have initially created an H1N2 subtype virus, which subsequently acquired all six of its internal viral protein genes through reassortment with a wholly avian virus (2) . The H1N2 viruses in France did not spread beyond their initial farms of origin (4), but the H1N2 viruses in Japan and the United Kingdom caused large-scale outbreaks of disease and spread widely in the swine populations of these countries (1, 2, 6, 12) . Most recently it has been shown that H1N2 viruses with HA proteins antigenically related to those of the H1N2 viruses from the United Kingdom are circulating among pigs in Belgium (14) .
In this report, we present evidence that H1N2 viruses of the same genotype as that of the initially isolated Sw/IN/99 virus have been isolated from pigs in at least six states in the United States, suggesting that H1N2 viruses are now cocirculating, along with both classical H1N1 and triple-reassortant H3N2 viruses, in the American swine population.
Clinical histories and virus isolation. Brief clinical histories and isolation information for the viruses analyzed in this study are presented in Table 1 . All of the viruses were isolated in mammalian cell culture from either Madin-Darby canine kidney (MDCK) cells or porcine embryonic testicle cells (PT-1; American BioResearch, Sevierville, Tenn.). Following initial isolation, the viruses were passaged twice in MDCK cells to obtain sufficient virus stocks for analyses. Clinical histories and additional diagnostic results differed among the isolates, reflecting the fact that these cases were investigated by different clinical veterinarians and different regional diagnostic laboratories. Nonetheless, it can be seen that the H1N2 viruses were isolated in association with respiratory disease in pigs across a wide range of ages, from 2-week-old nursery pigs through 7-month-old finisher pigs. Many of the infected pigs were, however, also harboring additional infectious agents that may have contributed to the clinical signs observed. It will, therefore, be necessary to conduct experimental infections under controlled conditions to define the pathogenic potential of the H1N2 viruses. Finally, it is of interest to note that, unlike the initially reported Sw/IN/99 H1N2 virus (7), the H1N2 virus infections described herein were not associated with abortions.
Genetic and phylogenetic analyses. To allow determination of the subtype and overall genotype of each virus, the fulllength protein coding region sequences of all eight viral RNA segments were determined by cycle sequencing (ABI Big Dye; PE Applied Biosystems, Foster City, Calif.), following amplification by reverse transcription-PCR. Amplifications were conducted using avian myeloblastosis virus reverse transcriptase (Promega Corporation, Madison, Wis.) and Pfu polymerase (Stratagene, La Jolla, Calif.) as previously described (7) . The subtypes and genotypes of the viruses were then defined by pairwise comparisons of each gene segment to the sequences of reference influenza viruses available in GenBank using DNASTAR software (version 5.0 for Windows 32).
The reverse transcription-PCRs for the HA and NA genes amplified only H1 and N2 subtype sequences from each virus and, specifically, no H3 or N1 sequences could be recovered. Thus, each virus was of the H1N2 subtype and there was no evidence for mixtures of viruses. For each gene segment, the a The viruses included in these analyses were the eight swine H1N2 viruses newly described in this paper as well as the original swine H1N2 virus described previously (7).
viruses were highly related to one another and to the original (7) Sw/IN/99 isolate (Table 2) . Thus, all of the H1N2 viruses isolated in 2000 to 2001 are of the same overall genotype as that of the original Sw/IN/99 H1N2 virus (7), which includes HA, NP, M, and NS genes of the classical swine influenza virus lineage, NA and PB1 polymerase genes of the human influenza virus lineage, and PA and PB2 polymerase genes of the North American avian influenza virus lineage.
The phylogenetic relationships among the H1N2 viruses in this study, the original Sw/IN/99 H1N2 virus isolate, and selected reference strains were estimated from the nucleotide sequences of each RNA segment by the method of maximum parsimony (PAUP software, v.4.0b6; David Swofford, Smithsonian Institution) by using a heuristic search algorithm with the MULTREES option in effect. Confidence levels for the phylogram topologies were determined by bootstrap analysis with 500 replications. To optimize the validity of the phylograms produced, potential reference viruses for which only short sequence fragments were available were not included. Thus, the HA phylogram was based upon full-length HA1 segment reference virus sequences. Likewise, all of the reference virus sequences included in the analyses of the NA, NP, M, NS, PA, PB1, and PB2 gene segments were at least 50% of full length, and the vast majority were full length. The GenBank accession numbers for the reference virus sequences presented in Fig. 1 to 3 are listed in Table 3 .
In the HA gene, the H1N2 viruses isolated in 2000 to 2001 and the original Sw/IN/99 H1N2 virus form a distinct phylogenetic clade with two major branches (Fig. 1) . These HA genes are all most closely related to classical swine H1N1 viruses isolated in 1997 to 1998. The two branches within the H1N2 clade suggest that these viruses may have been derived as the result of two separate reassortment events involving different classical swine H1 viruses. However, it will be necessary to examine a larger number of H1N2 viruses over a longer time period to confirm this possibility. In the remaining gene segments, the H1N2 viruses isolated in 2000 to 2001 and the original Sw/IN/99 H1N2 virus demonstrate very close phyloge- netic relationships with each other and the triple-reassortant H3N2 influenza viruses from pigs. In the NA and M genes, the H1N2 viruses form definably separate branches from the H3N2 viruses. As an example of this pattern, the NA phylogram is shown in Fig. 2 . As in the HA phylogram, there appear to be two clusters of H1N2 viruses on separate branches of the NA phylogram, but this was not the case for any of the other gene segments. In the NP, NS, PB1, PB2, and PA genes, because of the very low overall levels of genetic differences between the H1N2 and H3N2 viruses, it is not possible to define distinctly separate H1N2 and H3N2 lineages. As an example of this pattern, the NP phylogram is shown in Fig. 3 .
Our results indicate that, since the initial isolation of an H1N2 virus from pigs in 1999 (7) overall genotype have spread widely within the swine population of the United States. The emergence of these viruses presents two important issues. First, if the overall epidemiologic pattern of swine influenza in the coming years is to be defined, it will be important to subtype all viruses as to both HA and NA subtypes. Otherwise, it will not be possible to distinguish H1N1 from H1N2 viruses (and possibly H3N1 from H3N2 viruses in the future). It will also be important to determine experimentally whether vaccination of pigs with the available H1N1 and H3N2 swine influenza virus vaccines will provide protection against H1N2 virus challenge. Logically this should be the case, but, to our knowledge, this has yet to be proven experimentally. Nucleotide sequence accession numbers. The GenBank numbers assigned to the gene sequences determined in this study are listed in Table 1 . 
